The calculation tools for the large span structure which are considered material and geometrical nonlinearity to satisfy the seismic resistance of the structure for safety are necessary. Especially the double layer truss structure, some unit of the structure is composed of linearized beam element in elastic numerical analyses. In addition, we presented the improved numerical method to calculate with elasto-plastic buckling behavior. In this study, we present the improved numerical method for the chord member with various joint conditions to neighbor chord members. The accuracy of the present method for the chord member is examined numerically by comparing with the discrete model.
Clausius-Duhem In a structural design of spatial structure composed with truss beams, each truss beam is often replaced by a continuous beam.
Although such replacement is restricted to the elastic problem, it is useful in the allowable stress design process. However, structural designers need to examine nonlinear behaviors like a collapse behavior of a target structure to ensure true safety of the structure. To simulate such behaviors accurately, the numerical model is often applied in which all members in at least a few truss beams are divided by elements. This numerical model with huge degrees of freedom can be calculated by making use of modern high-tech computers. But considering its high cost and unsuitability in an actual design process, we have suggested a new beam element called "truss beam element", which enables us to simulate the buckling behavior of chord members in truss beams. In our previous papers, the boundary condition of the chord member was assumed to be simple support. However, this assumption is not always hold in simulations of actual spatial structures, since truss beams are rigidly connected to each other in structures. Therefore, the truss beam element should be extended to the truss beam problem of chord members connected rigidly.
In this paper, extracting only a chord member in a truss beam, we derive the formulation for the chord member which is subject to uniform intermediate longitudinal forces and moments at both ends. We also extend the section of the chord member which was restricted to rectangular shape to an arbitrary one.
Based on the thermodynamics, the formulation is derived by using the collapse mechanism for the extracted chord member which is subject to the load mentioned above. As a result, elastic constitutive equations are found for an average longitudinal force, a slope of longitudinal force and moments act on three plastic hinges at both ends and a middle point. Simultaneously, the equilibrium of moment at the middle plastic hinge and the dissipation term at plastic hinges are found. According to the principle of the maximum plastic dissipation, the plastic flow rule for the collapse mechanism is obtained by taking account of the yield surface for plastic hinges.
These equations can be reduced to the pinned joint situation when the moments at the both ends are zero, which means the present method for the chord member includes the previous one. In addition, the relationships between the moment and the longitudinal force at each hinge are also in accord. Hence, the present method suggested here can evaluate the local nonlinear behavior in chord member as only element.
In our future work, this method will be extended to the truss beam element. 
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